Background: Smokers often have oral health problems. We studied whether poor oral health among non-smoking adolescents is connected to smoking behaviour in adulthood. Methods: We used an age cohort born in 1979 (n = 2582) taking part in annual oral health check-ups between the ages of 13 and 15. Self-reported non-smokers were used as the study population. As measures we used decayed, missing or filled teeth/surfaces (DMF) and decayed teeth (D) and smoking behaviour at ages 13-15 and the depending measure was smoking behaviour at the age of 29. Results: Those who were non-smokers at ages 13-15 and had tooth decay (D > 0) in an oral check-up during that period had higher risk (OR (Odds Ratio) 1.88, 95% confidence interval 1.2-2.9) of being a smoker by age 29. Tooth decay at age 15 predicted earlier onset of smoking for those, who became smokers later in life. Dental caries (DMF > 0) was not associated with higher risk of becoming a smoking adult, but those with dental caries at age 13 were more likely to start smoking earlier. Conclusions: Poorer dental health, especially tooth decay in adolescence is a possible indicator of a greater likelihood of transforming from being a non-smoker to a smoker. Dentists should notice this for allocated health promotion. 
Introduction

S
moking has devastating effects on our society causing both economic and health related problems. 1, 2 The initiation of persistent smoking usually occurs in the vulnerable years of adolescence.
3-5 Smoking has negative effects on adolescents' oral health. 6, 7 Tobacco consumption in any form increases the risk of dental caries 8 and a history of smoking predicts root caries. 9 Smoking also increases the risk of periodontitis. 10, 11 Oral health has been found to be a marker of behavioural risk factors. 12 However, there are no earlier studies considering the possibility that poor oral health might predict onset of smoking.
The aim of this study was to ascertain if poorer oral health is a possible indicator of those adolescents who are likely to become smokers. Our study hypothesis was that there are more adult smokers among those whose oral health in adolescence was poor.
Methods
During the period 1992-94 an age cohort born in 1979 (n = 2582) underwent annual oral check-ups during which they also responded to questions and a questionnaire about their smoking and attitudes towards smoking. 13 We used this age cohort as a subject pool, from which those subjects who self-reported being non-smokers were used as our study population.
Oral check-ups at the age of [13] [14] [15] Oral check-ups of the cohort in the period 1992-94 were part of the routine school oral health care. During these check-ups the usual measures of dental health indicators were monitored. These included D (decayed teeth) and DMF (decayed, missing and filled teeth/ surfaces) indices, which we used to determine subjects' oral health in adolescence. The values of these indices were derived directly from the dental records. Those subjects whose DMF was 0 were classified as caries free, whereas others were classified to have dental caries. D indices were used similarly; those subjects whose D was 0 were interpreted to have no decayed teeth, whereas others were interpreted to have at least one decayed tooth.
We used the response to the question 'Do you smoke?' in the annual questionnaires completed in 1992-94 to classify the subjects into adolescent smokers (responding 'Yes') and adolescent non-smokers (responding 'No'). The participation numbers of the non-smokers in each check-up are presented in figure 1 . We also noted some potential confounders for smoking from the check-up at age 13. These were gender and smoking behaviour of parents.
Follow-up questionnaire at the age of 29
A follow-up questionnaire was mailed to the cohort in 2008 to addresses obtained from the Finnish Population Register Centre. 14 At the time of the mailing the cohort was approximately 29 years old. The envelopes also contained cover letters describing the purpose and methodology of the study and a consent form. Only those completed questionnaires accompanied by a signed consent form were included in the study. See figure 1 for non-smoker participant numbers at each oral check-up. Responses to the 2008 follow-up questionnaire were received from 40.3% (n = 972) of those subjects who were reportedly non-smokers at age 13, 44.5% (n = 833) of those subjects who were reportedly non-smokers at age 14 and 45.3% (n = 567) of those subjects who were reportedly non-smokers at age 15.
As adolescents have been shown to vary their smoking behaviour throughout adolescence, 15 we used several age points to measure it. The oral health information of non-smoking adolescents at ages 13, 14 and 15 was compared with the information about the subjects' smoking behaviour at age 29. The subjects for the first analyses were picked using only one measurement on their non-smoker status without paying any attention on their possible earlier or later smoking behaviour. The later analyses used all available information on the subject' smoking behaviour: The missing data for those who did not participate in 1-2 check-ups did not affect the classification while any self-reported smoking at ages 13, 14 or 15 led to exclusion from this later analysis.
In the follow-up questionnaire the crucial question was whether or not the subject had been smoking regularly. This dichotomization was executed using the responses to two different questions. Those respondents answering 'yes' to both questions 'During your life have you smoked more than five packs of cigarettes or cigars or smoked at least the equivalent amount of loose or pipe tobacco?' (Yes/No) and 'Do you smoke or have you smoked tobacco products regularly, in other words daily or nearly daily?' (Yes/No), were classified as smokers. There were also some questions for adult smokers to ascertain the mode of tobacco consumption. We elicited the amount of tobacco products consumed and the age of smoking initiation. The amount of tobacco products consumed was dichotomized to heavy (more than 10 cigarettes per day) or light (1-10 cigarettes per day).
Of those with tooth decay at the first check-up, 19.9% (n = 166) did not participate to later check-ups while only 13.9% (n = 241) of those without tooth decay at the first check-up dropped out. Of those with dental caries at the initial check-up, 17.0% (n = 276) dropped out while only 13.9% (n = 131) of those who had been caries-free at the first check-up dropped out.
We used IBM SPSS version 20.0 for the statistical analysis. We used cross tabulation, 2 -test, t-test for independent samples of age at smoking initiation and binary logistic regression. The depending variable was smoking in adulthood. The Ethics Committee of the Pirkanmaa Hospital District, Finland, approved the study protocol (R08017).
Results
The proportion of non-smokers dropped from 94.3% to 80.6% during the annual check-ups in the period 1992-94. The dental health indices and smoking behaviour reported at each examination are presented in table 1.
Non-smokers at a cross-sectional check-up
In the first analyses we compared the oral health status of the adolescent non-smokers to their smoking behaviour at the age of 29. Dental caries (DMF > 0) at adolescence had no statistically significant association with higher smoking rates in adulthood, regardless of the age during the oral health check-up with this clinical finding (table 2). Having at least one decayed tooth (D > 0) at the check-up at age 13 predicted a 1.4 times greater OR of smoking in adulthood compared with those with no decayed teeth at age 13 (P = 0.015). At age 14 the OR of smoking in adulthood for those with at least one decayed tooth (D > 0) was almost twice as great as that of those without any tooth decay (P < 0.001). Tooth decay at the age of 15 was not associated with likelihood to smoke in adulthood. These differences persisted after adjusting for gender and the smoking behaviour of parents. The proportion of heavy smokers did not differ between those with dental caries or decayed teeth and those without. Those adult smokers who had at least one decayed tooth at age 15, started to smoke 1.1 years earlier than those without any decayed teeth at age 15 (initiation at age 16.3 vs. 17.5, P = 0.013).
Non-smokers during ages 13-15
In the subsequent analyses, we considered those reporting no smoking at any of the check-ups at ages 13, 14 or 15 as nonsmokers in adolescence. There were 2043 respondents who were not smokers at any annual check-up at the ages of 13-15. Of this population, 74.0% (n = 898) had dental caries (DMF > 0), 54.3% Figure 1 A flow-chart of the participation of the study population and their response at the age of 29. The first three columns represent non-smokers as those who self-reported non-smoking at the age of 13, 14 or 15. The fourth column represents non-smokers as those respondents who were not smokers at any of the check-ups at ages 13, 14 and 15. (n = 659) had tooth decay (D > 0) in at least one check-up. Logically, all respondents having D > 0, also had DMF > 0. Univariable analysis showed increased odds for being a smoker in adulthood for both DMF and D index, but after combining them to a multivariate logistic regression with the confounders, the significance of DMF disappeared whereas that of D persisted. Those with tooth decay (D > 0) at any check-up during the age of 13-15 were almost twice as likely to smoke in adulthood compared with those without any tooth decay [OR 1.88, 95% confidence interval (CI) 1.2-2.9].
Tooth decay (D > 0) at the check-up at age 14 predicted almost 2-fold likelihood of being a smoker in adulthood compared with those adolescents with no tooth decay. This difference persisted after adjusting for gender and smoking behaviour of parents (adjusted OR 1.7, 95% CI 1.2-2.4, P = 0.003). Tooth decay (D > 0) at age 13 or 15 showed no statistically significant association with higher smoking rates in adulthood. Heaviness of smoking was not associated with dental caries or tooth decay at ages 13, 14 or 15. Those adult smokers with dental caries at age 13 started to smoke 1.1 years earlier than those without dental caries at age 13 (age 17.0 vs. 18.0, P = 0.036). Those with tooth decay (D > 0) at age 15 started smoking 2.8 years earlier than those without any decayed teeth at age 15 (initiation at age 15.0 vs. 17.8, P = 0.013).
Discussion
Our results suggest that those non-smoking adolescents, who have tooth decay, are more likely to have a greater exposure to tobacco smoking. We received different results from different methods of analysis, but it seems that those with oral health problems may start smoking earlier and are more likely to continue smoking in adulthood (at the age of 29).
A possible explanation for this is that both of these-poorer oral health and adhesion to tobacco smoking-are caused by the same phenomenon. Adolescents have been shown to be reliable with regard to self-reported smoking, 16 so it is unlikely that the respondents' smoking behaviour was determined falsely. Interpretation of DMF index as a marker of dental caries is not straightforward, because there are other states that can explain higher DMF indices (trauma or congenital defects, for example). The age when the oral health indices were measured had a great importance in our study population-age of 14 seemed to be the best time to determine the risk based on the occurrence of tooth decay. We have no knowledge of previous studies with concurrent findings.
In light of our results, we suggest that greater emphasis should be placed on smoking prevention among adolescents with oral health problems. A simple question 'Do you smoke?' combined with an oral health check-up seems sufficient to identify those who need help in smoking cessation and those who need help in steering clear of smoking. 16 Our results also emphasize the importance of monitoring the oral health of schoolchildren annually. Early detection of oral health problems is important not only for mounting early interventions; these problems also help to identify those individuals who are likely to start smoking. Child health services need to develop to give a better response to the todays' child health needs. 17 Regular follow-up of children's health gives health professionals many chances to have an effect on their health. Bringing the topic of smoking habits to oral check-ups emphasizes the agenda of health promotion.
In conclusion, poor oral health in a non-smoking adolescent may predict smoking habit in adulthood. This result should be verified in a study using another population since no earlier concurrent findings exist. In future research, anti-smoking strategies should be tested on adolescents with poor oral health regardless of their current smoking behaviour.
Limitations
Half of the cohort received up to four brief tobacco interventions during school age. This is unlikely to cause any bias in our study since the intervention showed no effect in long-term follow-up. 14 The response rate to the follow-up in 2008 was satisfactory since no incentive was used. Dropping out of the study after the initial checkups was more likely if the subjects' oral health was flawed. Only a small proportion of these dropouts responded to the 2008 questionnaire. Thus it is possible that a group of subjects with oral health problems escaped the attention of our study and the association between poor oral health in adolescence and adult smoking is therefore underestimated.
